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ALARA

As Low As Reasonably Achievable



Regulatory requirements
26-55-211d. Radiation protection programs

* Develop, document, and implement a radiation
protection program sufficient to ensure
compliance with the provisions of these
regulations.

e Use, to the extent practicable, proceduree and
engineering controls based upon sound.~ ==
radiation protection principles to achieve ﬁ
occupatlonal doses and public doses that are
as low as is reasonably achievable (ALARA)
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Regulatory requirements
26-55-211d. Radiation protection programs

e Constrain air emissions of radioactive material to
the environment, excluding radon-222 and its
daughters, so that the individual member of the
public likely to receive the highest dose is not
expected to receive a total effective dose equivalent
in excess of 10 mrem (0.1 mSv) per year from these
emissions.

* Review the radiation protection program contelitaand
implementation at intervals not to exceed 12:months
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Considerations

o State of technology

* Economics

* Environmental impact
e Public interest



Management responsibilities

Supervise program and define employee
responsibilities

Employee awareness of program and
management’s commitment to it

Perform periodic audits
Employee training

Give Radiation Safety Officer 5ufﬁcaent
enforcement authority and resources :

Modify procedures/incorporate 6I’|@|I’|66|"IW?
process controls if exposures reduced atia+
reasonable cost



RS0 and the Radiation Protection Staff
Vigilance

e Know the origins of radiation exposures in the
facility.

* Look for ways to reduce exposures.

e Fnsure adequate equipment and auppliee
available to workers.
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External exposure limits

* 5 rem deep dose to the whole body (DDE):
tissue depth 1 cm

e 50 rem shallow dose to skin or extremities
(SDE): tissue depth 0.007 cm

* 15 rem to the lens of the eye (LDE): tissue
depth 0.5 cm

* frem = 0.015v =1cS5v IR



Individual monitoring requirements

Adults >0.5 rem DDE, >5 rem SDE, >1.5 rem
LDE

Minors >0.1 rem DDE, > 0.5 rem SDE, >0.15
rem LDE

Declared pregnant woman > O.1 rem DDE

Individuals entering a high or very high
radiation area (> O.1 rem in one hour @- 5@16m

> 500 rad ih one hour @ 1 m) “‘ i ?
Irad = 0.01 Gy =1¢Cy N/



Investigational Levels for External exposure

Based on cumulative exposure over the year

o | evel |l 10% annual limit for occupational
exposure:

— 500 mrem/ly DDE, 5000 mrem/y SDE, 1500
mrem/y LDE

— Average monthly exposure: 42 mrem DDE

o |evel ll 50 % annual limit for occupationa e,

Exposure: 3
— 1500 mrem/ly DDE, 12000 mrem/y SDE, 45
mrem/y LDE

— Average monthly exposure: 125 mrem DDE



Investigation process
>Level 1, < Level |l

Timely investigation by RS0 or designee

Determine root cause, work habits and
exposures of others engaged in similar tasks

Determine if additional safety measures or

training needed to reduce exposures

Determine if an engineering or process
controls were bypassed
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Investigation process
> Level ll

All actions as specified for > Level 1.
Considerations to reduce probability of occurrence.

Report of the actions reviewed by licensee
management at its first meeting following completion
of the investigation.

RS0/designee will re-establish an unique set of
Investigational levels for the affected individual.
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Example of re-establishment of new
Investigational limits

* 10 %/50 % of remaining exposure if just
exceeded Level |l for DDE (3500 mrem): Level 1
= 390 + 1500 = 18650, Level Il = 1020 + 1500
= 2550 mrem

* 10%/50% of remaining exposure if again just
exceeded new level |l for DDE (2550
mrem):Level 1 = 245 + 2550 = 2795, Lﬁvé"fmll
755 + 2550 = 3255 mrem S
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Expoeure, mR

Investigational Levels

No. resets

Level | — Level || ===DDE annual limit




Flags that indicate an over-exposure may
occur before the end of the year (DDE)

417 mrem/month
1250 mrem/quarter
5750 mrem on or before the of end the third quarter

4583 mrem on or before the beginning of the last
month of the year

Someone that has been doing 40h/wk fluoroscopy for
the past 12 months with 6 months worth of “Mém .,
listed on dosimeter report. 2o
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Flag that indicates an overexposure may
have already occurred

* Getting your monthly report for November in mid
January of the next year indicating an 11 month
cumulative exposure of 4663 mreml!

-Be proactive.

-Your dosimetry contract should have provisions for at
least 4& h processing

-R&0/designee should be knowledgeable of all pergonnel on
a dose projection tract that indicates an annuaflimit.
will be exceeded before the end of the year <
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-Institute increased monitoring frequencies or other ~*=
(] [] 0 e :\‘\"l."-"‘l"
administrative controls to prevent an overexposure
from occurring.



Cumulative Expoeure
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Administrative controls to limit exposure

e Restrict access to source
* X-ray:
-Evaluate devices (optimize technique factors and

frame rates, insure shielding installed and
functioning as designed)

-Use whole body weighting factors such as Webster
equations
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Webster equations

He = Hcollar x 0.5
He =1.9x Hwaiet + 0.04 X Hcollar

X-ray only, typically only used for fluoroscopists, usually only
collar badge used

Specifically named individuals

Requires 2nd dosimeter if exposed to radiation from non-
machine based emission sources

Extremity monitoring required e
Weighting factors do not apply to skin/extremity expostfe .
(SDE) e " y =
Not a substitute for ALARAI N

Requires annual review TR



Internal exposure

Required if personnel will receive > 10% AL (inhalation
or ingestion)

2000 h at DAC will give an internal exposure of © rem
CEDE and 50 rem to any individual organ or tissue

Bioassay program may be required
Air monitoring program may be required

Annual whole body limits based on internal andss=",
external exposure: Whole body TEDE = DDE+CEDE "
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Final notes

* ALARA program becomes far more complicated if
workers have both external and internal exposures.
Typically internal dose has to be manually added to
cumulative exposure as dosimetry vendors will track
only external exposures. A database such as NRC's
REMIT may have to be used to track internal and
external exposures.

* Tracking of all radiation exposures an individuaghem -,
receives is required, even it the person is exposed at
another licensee or registrant’s facility, in ordecig:
ensure annual limits are not exceeded. This includes
both external and internal exposures.



EMGEE oF

HRC FORM 5 L& HUCLEAR REGULATORY COMMISESION JAPPROYED BEY OMEB NO.3150-0008 EXPIRES: 05/30¢2007

AT 0
10 CF I PART 23

OCCUPATIONAL DOSE RECORD
FOR A MONITORING PERIOD

Eximeied Dusdes per w=sporse to oomply i TN mendaony colerion meguest 20 minges. This Tl
B used io eresues Brab doeess o Iedldidual do ok eaceed sepuisiory iz, This Informetion b regelsed io
recoed sy repoe Inohd s occupardarel sapoeuse o adbrion o etsuse ek Be paposuse doss et
earead aspaiziory imiz. Beng comaments regerting burden e=3mate e Recorts and FOLS Privacy Sevices
Baanch (T-3 FEZ), WS, Muckes Rsguizlory Commizsion, Veashiagion, DG 208550001, of by Inlemet e-mal o
IrooiecEgen.goy, and io e Desk ORcsr, OFos of information 2nd Regulziony AT, KEOE-10202
= E-000E), Orfice of Viarsgemeact and Suapes Wasalsglon Do 23503, 15 meats g=ed 20 Impoes an
Iviormation caledion does rat olsziey & curvendy valid GUS condol ssmzer, e MRS may nok conduct o
SECNECE, 20 = peeon Iz rt regsired T sesaond io, e Iroemedon collaclon

| . — I I I - e ————————
1. H4AE (LAST, FIRET, MIDOLE IMITIALY 2. IDENTIFICATION HURZER 1D TYPE 4. =2k S. DATE OF BIRTH
[ waie MBTOY YY)
[ FEMALE
L I I I —
& MONITOSING PERICD [MBTDOYYY - MMDOYY ) | 7. LICENSEE MAME E. LWCEMEE MUNEERIS oA SB.
O rEcoRD [] moumisg
[ esrmeare [ e
INTAKES )
DOSES [im rem)
108, RATHOMUCLIDE 108. CLASS 10C. MODE 100, INTAEE 1M T
DEEFP DiEE EQUIVALENT (DZE)| 11
_LENS [EYE) DDSE EQUINALENT [LDE)| 12
SHALLOW DOSE EQUINALENT, eoE e 1z
WHOLE BOOY faLi= B b
COMMITTED EFFECTIVE iczne| s
DOSE EQUNALENT Catal
COMMITTED DOEE EQUINALENT, reoey| 16
MAKIMALLY EXPOSED DRGAMN e

TOTAL EFFECTIVE DOSE EQUINVALENT
ADD BLOCKS 11 &MD 15) EDE)

TOTAL DRGAN DOSE EQUIVALENT
MaX ORGAN ADD ELOCKS 11 AMND 1E) DE])

15, DOMMENTE

1
20 BGEMATURE - LICEMSEE

E——
1. DATE FREFARED

WRC FORM S (2-2004)

FRINTED OM RECYCLED PAPER



Use procedures and engineering controls based
upon sound radiation protection principles to

achieve occupational doses and public doses
that are ALARA
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